USEO J·DO OTCC T HE MOST IMPORTANT GROUP OF' INF'ECTIONS AF'F'ECTING
transplant recipients is lhat due to the herpesviruses (1). Although Lhe transplant patient remains susceptible to such community acquired viruses as influenza and parainfluenza (2) , hepatitis viruses (3) , and even the human immunodeficiency virus (l) , the herpesviruses remain Lhe major causes of infectious disease morbidity and mortality in lhis patient population. These viruses share the following characteristics that mal<:e them particularly effective pathogens in this patient population: they cause chronic or latent infection that is modu lated by lhe immunosuppressive therapy being administered to prevent or treat allograft. rejection; they may be transmitted through the trans-[ usion of blood, the transplantation of an allograft from an infected donor, or through intimate contact; and the range of clinical effects is extremely broad (1.4) . These effects include:
• lhe direct causation of clinical infectious disease syndromes (eg, fever, pneumonia. hepatitis, gastrointestinal ulcerations);
• lhe causation of a generalized depression of host defences that is over and above that caused by exogenous immunosuppressive therapy, and which can lead to opportunistic superinfection with such pathogens as PneumocysLis carinii, Listeria monocyiogenes. or Aspergillusjumigatus (vin.1ses are important contributors to the net stale of immunosuppression);
• the causation of allograft injury by mechanisms separate from classical allograft rejection;
• the causation of certain forms of malignancy (indeed, viral oncogenesis is most clearly seen in transplant patients and those with the acquired immunodeficiency syndrome);
Given the importance of these infections, a great deal of effort has been invested in the prevention and control of viral infections in transplant recipients. This review is a summary of cun·ent strategies and future prospects for controlling viral infection in transplant patients; such a summary is based on the following five basic principles (1,4}.
Infection and rejection, the two major barriers to successful transplantation. are closely linked. An important truism that underlines clinical management is as follows: any intervention that decreases lhe risk of infection will permit the safer use of more intensive immunosuppression, thus increasing both patient and allograft survival; conversely, any intervention that decreases the risk of rejection will permit the use of lesser amounts of immunosuppression and decrease the risk of infection, thus increasing patient survival without sacrificing allograft survival.
Risk of infection in lhe transplant patient is due to the interaction between two factors: the epidemiological 60C exposures thai the patient encounters and lhe patient's net state of immunosuppression (Table 1) .
The general pattern of infection wilh these virusesclinical syndromes, time of onset (in general, particularly for cytomegalovirus [CMV] and Epstein-Barr virus [EBV], one to four months post-transplant}, response to therapy. etc-is essentially lhe same with all the organs transplanted. There is, however, at least one notable exception. In the case of CMV. the organ transplanted is more frequently and more intensely affected than the native organ. Thus. CMV hepatitis is a significant problem essentially only in liver transplant recipients; CMV myocarditis is only recognized in heart transplant recipients: and the attack rate for CMV pneumonia is many times greater in recipients oflung and heart-lung transplants.
Prevention of infection is the primary goal of the infectious disease clinician dealing with transplant recipients. If prevention fails, and clinical infection occurs, then the success of therapy is direcUy related to the speed with which diagnosis is made and therapy is instituted.
Since immunosuppressive therapy is the major driving force determining the clinical course of the viral infections being considered here, any antimicrobial strategy must be linked to the kind and intensity of immunosuppressive therapy being admin istered.
HERPESVIRUS INFECTION
The six human herpesviruses (CMV, EBV. varicellazoster virus [VZV] . herpes simplex virus types 1 and 2 [HSV-1 and HSV-2], and human herpesvirus 6 [HHV-6]) share three characteristics that explain their importance in transplant recipients: latency, cell association, and oncogenicity (l ,5) .
The term latency describes the phenomenon in which primary infection with one of these viruses results in lifelong infection, even after evidence of active viral replication is no longer demonstrable. The laboratory marker of such latent infection is seropositivity. An important clinical issue is the stability of viral latency. Whereas CMV and VZV latency are both quite stable, requiring some event such as Lhe administration of certain forms of immunosuppressive therapy to reactive the virus, EBV and HSV latency are quite unstable, with spontaneous reactivation or reactivation in response to minor stresses being observed. However, even in the cases of EBV and HSV, the same immunosuppressive therapies that reactivate CMV and VZV will increase the rate of reactivation of these viruses. Thus, in the case of EBV, if antilymphocyte antibody therapy is added to cyclosporine-based immunosuppressive programs, the incidence of EBV replication rises from approximately 20 to 30% to 70 to 80% (6, 7) . At present. little is known about l-IHV-6 infection. other than that evidence of viral replication can be found in approximately half of transplant patients. (Since the clinical impact of HHV-6 in transplant patients is currently unclear [8] , lhis herpesvirus will not be considered further in this review.) Herpesviruses are highly cell-associated, meaning spread of virus between individuals requires either intimate mucosal contact or lhe physical transfer of the virus (in this case in latent form) via a leukocytecontaining blood product or an allograft. Within the individual. spread and dissemination are via an infected cell to olher cells, rendering humoral immunity inefficient and cell-mediated immunity the critical host defence against these viruses. In particular. the key host defence is mediated via virus-specific, major histocompatibility complex restricted, cytotoxic T cells -the limb of host defence most affected by cylcosporinebased immunosuppressive regimens (1.6).
All herpesviruses should be considered potentially oncogenic, allhough clear-cut clinical evidence to support lhis has only been demonstrated for EBV. where EBV related B cell lymphoproliferative disease is a clinical problem of increasing importance (1,6).
The clinical effects of these viruses in the transplant patient are delineated in Table 2 . In general, primary infection with each of these has a higher attack rate for clinical disease, and a much higher incidence of severe disease. Thus. for CMV lhe attack rate for clinical disease is two to three times that for primary infection (1,9); for EBV, lhe incidence of B celllymphoproliferative disease is many times higher in lhe setting of primary as opposed to reactivation infection (7 .1 0); primary VZV is a medical emergency. causing pneumonia, encephalitis, hepatitis, pancreatitis, and disseminated intravascular coagulation (and any exposures of VZV seronegative individuals to VZV should result in zoster immune globulin prophylaxis and close monitoring to assess lhe need for intravenous acyclovir therapy if prophylaxis failure occurs). whi le reactivation VZV takes the form of dermatomal zoster which rarely disseminates in the organ transplant recipient (11) ; and primary HSV infection, parlicularly that conveyed with the allograft, is responsible for the rare cases of disseminated HSV infection occurring in organ transplant
co He rpesviruses in organ transpla ntation recipients (1). Superinfection, thal is, when a seropositive individual receives an. allograft from a seropositive donor and the virus that is reactivated is of donor origin. has clearly been shown to occur commonly wilh CMV. Preliminary evidence suggests lhat supei;nfection has a greater clinical effect U1an does endogenous reactivation. although lhis must still be regarded as an important, incompletely answered question (1,12-15 ). The role of superinfection with the olher herpesviruses, particularly EBV, remains to be established.
EFFECTS OF IMMUNOSUPPRESSION ON HERPESVIRUS INFECTION
The key factor (other than lhe donor and recipient's past expe1ience with the virus) lhat modulates the course of herpesvirus infection is lhe immunosuppressive therapy that is administered. Following is a summary of lhe presenUy available information on lhis important subject (1, 7) .
Different immunosuppressive drugs administered in regimens that are equipotent in terms of antirejection effects have very different effects on the two key steps in the palhogenesis of these infections: reactivation from latency, and viral replication and disseminalion. Thus. antilymphocyte antibody preparations (both monoclonal and polyclonal) are extremely potent at reactivating herpesviruses, most notably CMV and EBV, from latency. In contrast. corticosteroids, rapamycin, and cyclosporine have no ability to do so. Cytotoxic drugs such as azathioprine and cyclophosphamide are moderately potent in lerms of viral reactivation. Once active, replicating virus is present cyclosporine is extremely potent in terms of amplifYing the extent of lhe viral replication and subsequent dis-61C TOLKOFF-RUBIN AND RUBIN us semination. From these observations, it would be predicted that the immunosuppressive strategy most apt to produce significant clinical effects of CMV and EBV would be the use of an antilymphocyte antibody preparation to prevent or treat rejection, which would reactivate virus , fo llowed by a cyclosporine-based immunosuppressive p rogram which would amplifY the extent of the virus. When such a strategy is employed, an effective antiviral program would seem to be necessary (1,7) .
These effects of immunosuppressive therapy help explain recent clinical observations with both CMV and EBV in transplant recipients. When CMV seropositive organ transplant recipients are treated with an immunosuppressive progran1 consisting of cyclosporine, prednisone, with or without azathioprine, the incidence of clinical disease is approximately 10 lo 15%. If an antilymphocyte antibody course is added to this program, the incidence of clinical disease rises to approximately 60%. In the case of EBV. a spontaneously reactivating herpesvirus, high dose cyclosporine, with or without low dose prednisone therapy, is associated both with a dose-related inhibition of the specific anti-EBV cytotoxic T cell surveillance system and a high incidence of lymphoproliferative disease. As doses of cyclosporine are decreased , the surveillance system becomes more effective and the incidence of Jymphoproliferative disease decreases. However, wh en such antilymphocyte antibody preparations as OKT3 are used, the incidence of lymphoproliferative disease increases markedly. In both these instances, t.he anWymphocyte antibody reactivates latent virus, and the cyclosporine amplifies the extent of this virus. In the case ofCMV, such clinical syndromes as fever, pneumonia, hepatitis, and gast.rointestinal ulcerations, opportunistic superinfection. and, perhaps, allograft injury are produced; in the case of EBV, the major effect is the development of Jymphoproliferative disease. It should be emphasized that these observations were made in patients not receiving antiviral prophylaxis (1.7,9, 16).
ANTIVIRAL STRATEGIES IN TRANSPLANT RECIPIENTS
Antiviral strategies against. this group of viruses is clearly indicated. When considering these strategies, it should be emphasized that there are three different. modes in which antimicrobial therapies can be administered to the transplant patient: therapeutic, prophylactic and pre-emptive. In therapeutic mode , antimicrobial agents are administered lo treat established disease; in prophylactic mode, nontoxic antimicrobial agents are administered lo all individuals to prevent an infection that is both common enough and important enough lo me1it such an approach ; and in pre-emptive mode, antimicrobial agents are administered to a subgroup of patients prior to the appearance of clinical disease. The initiation of pre-emptive therapy is based on the identification of a laboratory marker or patient. characteristic that identifies that. subgroup of 62C Y ·DO NOT COPY individuals with the highest risk of serious disease at a time when antimicrobial intervention would be maximally effective in terminating the disease process (17, 18) .
Therapeutically, intravenous ganciclovir (at a dosage of 5 mg/kg twice daily for two lo three weeks, with modification of the dosage in Lhe face of renal dysfunction) has been shown to be quite effective in the treatment of symptomatic CMV disease (it. is effective against VZV and HSV as well, although the less toxic acyclovir will suffice against these if CMV is not an issue). Based on studies in a murine CMVmodel and in the treatment of CMV pneumonia in bone marrow transplant recipients in whom the addition of CMV hyperimmune immunoglobulin to ganciclovir therapy significantly improved patient survival, many clinicians would use the combined regimen in organ transplant patients with severe CMV disease , particularly pneumonia, or U1ose with relapsing disease. It is important to emphasize that ganciclovir-resistant CMV infection, a common event in patients with advanced acquired immunodeficiency syndrome (AIDS) being treated for CMV infection. has not been a problem thus far in organ transplant recipients. Thus, experience with foscamet therapy, the treatment of choice for ganciclovir-resistant CMV in AJDS patients, is as yet quite minimal (1, 17).
Given the protean manifestations of CMV in the transplant patient, prevention of clinical disease would be far more appealing. Although proscribing the use of organs from CMV seropositive donors for CMV seronegative patients would prevent primary CMV infection (provided either CMV-negative blood products or an effective leukocyte HILer is used to prevent CMV transmission via this route), this strategy has not been widely used for two reasons: it would limit the already inadequate supply of donors; and seropositive recipients of allografts from seropositive donors may also be penalized because of the risk of superinfection. Therefore, an effective antiviral strategy is preferred (1,9,17). Studies of high dose oral acyclovir (approximately 3200 mg/day for four to six months) (19, 20) and hyperimmune CMV immunoglobulin (administered multiple times over the first four lo six months post transplant) (21) given separately lo kidney allograft recipients at risk for primary infection have shown a decrease in disease of approximately 50% (17) . However, these regimens, as well as intravenous ganciclovir administered for one month post-transplant, have been in.effective in preventing primary CMV disease in heart. liver. and lung recipients (1. 17.22) . In addition, the benefits of these two regimens are greatly allenuated in the face of anWymphocyte antibody antirejeclion therapy. Recently, the Halifax group (23) reported that lower doses of bolli lliese agents given together is probably more effective llian either alone, but their benefit is greatly decreased in the face of antilymphocyte antibody therapy.
ONLY • DO NOT COPY Herpesviruses in organ transplantation
Several lessons of importance have come out of this prophylactic experience: first, it is clear that with the antiviral agents currently available, a standard prophylaxis program for all patients will have to be modified lo fit with the demands of anlirejection immunosuppressive therapy. Second, it would appear that CMV. as it first emerges from latency, is far more susceptible to antiviral manipulations than fully established CMV clinical infection. For example, acyclovir, lo which CMV is relatively resistant, has the aforementioned efficacy prophylactically but not therapeutically (17) .
The present sudy took a different. approach to prevention of CMV disease. Impressed by the threefold increase in incidence of clinical disease among seropositive individuals treated with antilymphocyte antibodies, and with the recognition that only 20 lo 30% of patients required OKT3 therapy to reverse rejection , we questioned whether an antiviral strategy triggered by the initiation of OKT3 therapy could be successful. In other words, pre-emptive therapy was geared to the initiation of the antirejection therapy that was responsible for the excessive number of cases of clinical CMV. In this approach, a single daily dosage of ganciclovir (2.5 mg/kg/day) was administered along with each daily dose of OKT3. The incidence of CMV disease was decreased from 60 lo 10% (l , 16) .
Recent experience in bone marrow transplant recipients suggests an additional indication for triggering pre-emptive therapy. In U1ese studies, ganciclovir therapy was initiated when asymptomatic viral replication was demonstrated. with viremia probably being the best accessible marker that can be monitored. Such pre-emptive therapy was quite successful in preventing the occurrence of CMV pneumonia, a dreaded event in bone marrow transplant recipients (24) . With the advent of an assay for CMV antigenemia (25) and polymerase chain reaction techniques (25, 26) for same-day detection of viremia, it is likely that pre-emptive therapy based on the asymptomatic detection of viremia should be feasible -not in place of the therapy with OKT3, but as a 'fail safe' for patients who break through that preventive approach.
The recent publication by Preiskaitis et a! (7) on EBV replication and the subsequent development of EBVrelated lymphoproliferative disease suggests that this same immunosuppression related antiviral approach could be effective in preventing these dire consequences of EBV disease. The following observations are important in this regard: they and others (6) have related the incidence of EBV activation and subsequent lymphoproliferative disease development to the use of antilymphocyte antibody treatment; quantitative EBV virology studies revealed lliat t11e incidence of lymphoproliferative disease is directly related to the level of EBV replication in the pharynx, being particularly high in patients willi primary EBV infection and those treated with antilymphocyte antibodies; and, of great importance, treatment willi either ganciclovir or acyclovir terminated EBV replication. Thus, the possibility exists lliat llie same pre-emptive strategy used to control CMV would be effective in limiting the effects of EBV infection (17) .
Considerable progress has been made in llie control of herpesvirus infection. Prophylactic strategies are at. least partially effective. However, the most important lesson learned is that any preventative strategy must be linked to the immunosuppressive program being administered to the particular patient. Thus, pre-emptive strategies, linked to the immunosuppression and backed up by close viral monitoring, are the key to the future control oflliese infections. The principle has now been clearly established that the therapeutic prescription for llie transplant patient has two parts: an immunosuppressive strategy to prevent or treat rejection. and an antimicrobial strategy to make it safe. We now have the tools to control this most important class of infection in transplant recipients (l,l 7) .
